Introduction {#Sec1}
============

Pork is the most widely consumed meat in the world, and Brazil is the world's fourth largest producer of pork, with a production of approximately 3.483 million tons in 2012 (USDA [@CR21]; ABIPECS [@CR2]). In an attempt to better attend the demand and to increase the productivity of production systems, pork producers have used new technologies to mitigate some of the factors that can limit production, such as animal nutrition, physiology, and health.

As homeothermic animals, pigs possess an internal thermoregulatory system which is triggered in the case of unfavorable environmental conditions. When pigs are submitted to an environment whose temperature is lower than the body temperature, heat dissipates from their body to the environment. Taking the physical laws of heat transfer as a basis, this is a normal process in which the system has a tendency to reach an equilibrium state. These situations are perceived by peripheral thermoreceptors (cells located on the skin) and analyzed by neural mechanisms that make an adequate decision and activate specific agents. Pigs adapt to hot or cold environments and are highly sensitive to adverse climatic conditions in both cold and hot climates.

In cold climates, newborn piglets are more affected because of their deficient thermoregulatory control. In contrast, in hot climates, adult animals are more affected since, as they acquire a greater subcutaneous fat layer, they become unable to dissipate body heat. The amount of heat exchanged by the animal with the environment decreases with increasing temperature until a minimum equilibrium is reached (Ferreira [@CR6]).

It is known that the environment influences animal performance, i.e., in the absence of an adequate environment, the animal is unable to show its maximum genetic potential, to maintain its health (perfect health status) and to nourish itself properly in terms of the consumption and utilization of nutrients since energy is redirected for the maintenance of body temperature. The maintenance of the animal's comfort is therefore fundamental to ensure good performance of pigs (Sarubbi [@CR18]) and to prevent the animals from becoming less efficient in the utilization of available energy (Kerr et al. [@CR9]).

External environmental factors and the microclimate inside the facilities exert direct and indirect effects on pigs during all stages of production; however, these effects are aggravated during the final stages of production, including an increase in the sensitivity of pigs to heat and a reduction in productivity, with consequent economic losses for pig farming (Hannas [@CR8]).

According to Ferreira ([@CR7]), the effects of external environmental factors on performance are more drastic during the growing and finishing phases when compared to other stages of production due to the increase in subcutaneous fat deposition which, in turn, impairs the dissipation of heat produced during metabolic processes. The consequences of any reduction in feed intake, either due to a heat wave or poorly designed ventilation, are rapidly noted since reduced feed intake leads to a decrease in the intake of nutrients, thus affecting performance. However, worsening in the feed conversion rate may not be observed since there is a decrease in feed intake and in weight gain.

Many alternatives can be adopted by producers in order to reduce the effects of the environment on pigs and to maximize productivity, such as the correct position of facilities, tree planting around the facilities, the use of fans and reflecting tiles, semi-climatized pens, and the use of shallow pools (Moreira et al. [@CR14]).

The objective of the present study was to evaluate the effect of temperature on the performance and carcass yield of pigs housed in different environments.

Material and methods {#Sec2}
====================

This experiment was conducted in the pig farming sector of the School of Agricultural and Veterinary Sciences (Faculdade de Ciências Agrárias e Veterinárias, FCAV/UNESP), Jaboticabal, São Paulo, Brazil. Twenty castrated male pigs of the Topigs line acquired after weaning, aged approximately 21 days and weighing 23 kg, were randomly assigned to the treatments and reared until reaching a body weight of approximately 100 kg when they were slaughtered. During the growing and finishing phases, the animals were fed with the corn-soybean meal-based diet described in Table [1](#Tab1){ref-type="table"} formulated according to the recommendations of Rostagno et al. ([@CR17]) in order to meet the nutritional requirements of each phase. The diet was offered ad libitum and was replaced twice a day.Table 1Nutritional requirements of castrated male pigs with a high genetic potential and regular performancePhaseGrowingFinishing Live weight (kg)30 to 5050 to 7070 to 100 Feed intake (kg/day)1.9632.6803.197 Digestible lysine requirement (g/day)14.98118.79319.439Nutrient Metabolizable energy (Kcal/kg)323032303230 Protein (%)15.8014.3012.71 Calcium (%)0.6310.5510.484 Total phosphorus (%)0.5240.4590.412 Available phosphorus (%)0.3320.2820.248 Potassium (%)0.4480.4250.400 Sodium (%)0.1800.1700.160 Chloride (%)0.1700.1600.150Amino acidDigTotalDigTotalDigTotal Lysine (%)0.7580.8610.6960.6920.6090.692 Methionine (%)0.2270.2500.2090.2290.1890.208 Methionine + cystine (%)0.4550.5080.4180.4670.3780.422 Tryptophan (%)0.1360.1550.1250.1430.1160.132 Threonine (%)0.4930.5940.4520.5460.4080.491 Arginine (%)0.3110.3360.2850.3080.1850.208 Valine (%)0.5230.6030.4800.5540.4200.484 Isoleucine (%)0.4170.4740.3830.4350.3350.381 Leucine (%)0.7580.8360.6960.7670.6090.671 Histidine (%)0.2500.2760.2300.2530.2010.221 Phenylalanine (%)0.3790.4220.3480.3880.3050.339 Phenylalanine + tyrosine (%)0.7580.8440.6960.7750.6090.678The nutrient percentage was determined using digestible lysine requirements according to performance, amino acid/lysine ratio, and equation of nutrient/Mcal.ME. Total lysine requirement was calculated considering the average true digestibility of lysine to be 88 %

The following treatments were evaluated: treatment 1, controlled environment characterized by a constant temperature of 22 °C and relative humidity of 70 %; treatment 2, uncontrolled environment in which the animals were subjected to climatic changes of the environment using a shallow pool.

For control of the environment in treatment 1, air conditioners (Split Springer, with a cooling capacity of 18,000 BTUs), which were automatically controlled by thermostats and turned on when the ambient temperature exceeded 22 °C, and climate-control units (Hidromotor HM250, with an air flow rate of 12,000 m^3^/H), were used. Two exhaust fans (Ventisol, with an air flow rate of 5000 m^3^/h, power of 1/4 cv and rpm of 1400, 50/60 Hz), measuring 50 cm in diameter, were installed for oxygen renewal of the environment in order to prevent the influence of ammonia released from the excretions of the animals on their respiration. The room was also equipped with recording devices for maximum and minimum temperature and relative air humidity, which were installed at half the height of the animal's body. The temperature and humidity were measured twice a day in the morning and afternoon throughout the experiment. The animals were housed in pairs in pens with a concrete floor, measuring 2.0 × 3.0 m (height 3.2 m), equipped with feeders and nipple drinkers. The animals were separated from each other by grids that allowed them to see each other.

The animals of treatment 2 were housed in pairs in pens with a concrete floor, measuring 1.5 × 4.0 m (height 3.2 m), equipped with feeders and nipple drinkers. The animals were separated from each other by grids that allowed them to see each other. A shallow pool (1 m wide and 10 cm deep) was constructed on the lower side of the inclined floor.

For the determination of feed intake, the ration offered and the leftovers were weighed at intervals of 3 days during the growing (up to 60 kg) and finishing phases (60 to 100 kg). The animals were weighed weekly. Average daily weight gain was obtained by subtracting the final from the initial weight divided by the number of days of rearing. Feed conversion was calculated by dividing feed intake by weight gain. Mortality was observed throughout the experimental period and during the pre-slaughter phase, evaluating factors that can influence the mortality of animals such as time of fasting and transport.

The animals were weighed before slaughter to obtain the body weight at slaughter (SW) and fasted from solid food and water for 16 h at the School of Animal Science and Food Engineering, University of São Paulo (Faculdade de Zootecnia e Engenharia de Alimentos da Universidade de São Paulo, FZEA/USP), Pirassununga, São Paulo. At 6 a.m., the animals were transported to the slaughterhouse in a simple truck after a 12-h fast, receiving only water. For slaughter, the animals were submitted to electric stunning at 220 ± 20 V and a frequency of 60 Hz.

After cleaning, the carcasses were weighed for the determination of hot carcass weight (HCW) and cold carcass weight (CCW) was measured after 24 h in the cooling chamber (0 to 2 °C). Carcass yield (CYCCW/SW× 100) and weight loss due to cooling (WL\[(HCW − CCW/HCW) × 100\]) were then calculated.

The carcass measures were obtained on the slaughter line. Carcass length was measured with a graded metal tape measure from the first rib to the pubic symphysis according to the Brazilian method of carcass evaluation (ABCS [@CR1]). Backfat thickness was measured at the height of the first rib (BF1), last rib (BF2), last lumbar vertebra (BF3), and maximum lumbar vertebra with a digital caliper. For the measurement of backfat depth and loin eye area, the tenth rib was first located as described by Silveira ([@CR19]). The loin eye area was measured by delimiting the contour of the longissimus dorsi muscle wrapped in plastic with a special pen and calculating the area using a planimeter.

A completely randomized design consisting of two treatments and ten repetitions each was used. The data were submitted to analysis of variance, and means were compared by the Tukey test at a level of significance of 5 % using the SAS 9.2 program (SAS Institute, Inc., NC, USA).

Results {#Sec3}
=======

The temperature and relative humidity of the controlled environment were maintained at 22 °C and 70 %, respectively, and the mean minimum and maximum recorded temperatures and the relative air humidity of the uncontrolled environment were 20 °C, 34.5 °C, and 36 % respectively, throughout the experimental period. The variation of the temperature and humidity in the treatment 2, during the experiment, is presented in Fig. [1](#Fig1){ref-type="fig"}.Fig. 1Variation of minimum and maximum temperatures recorded and the relative air humidity in the uncontrolled environment throughout the experiment

Table [2](#Tab2){ref-type="table"} shows the mean daily feed intake, weight gain, and feed conversion of pigs during the growing and finishing phases.Table 2Daily feed intake (FI), weight gain (WG), and feed conversion (FC) during the growing and finishing phasesTreatmentTraitGrowingFinishingFIWGFCFIWGFCTreatment 12.158A0.8062.677 A3.660 A1.1353.224 ATreatment 21.722 B0.8012.149 B3.164 B1.1722.699 B*P* value\<0.0010.926\<0.001\<0.0010.516\<0.001CV (%)7.974.469.844.4613.039.946Means in the same column followed by different letters differ significantly by the Tukey test (5 %)*Treatment 1* controlled environment, *treatment 2* uncontrolled environment, *CV* coefficient of variation

A significant difference in feed intake and feed conversion was observed between treatments during the growing and finishing phases. Animals submitted to climatic variations (reared in a non-climate-controlled facility, treatment 2) showed lower feed intake (*P* \< 0.05) and worse feed conversion (*P* \< 0.05) during the growing and finishing phases, whereas weight gain was not significantly affected (*P* \> 0.05) by the treatments. These findings suggest that animals maintained at ambient temperature in the presence of a shallow pool obtained better performance than those reared in a controlled environment.

Table [3](#Tab3){ref-type="table"} shows the mean HCW, CCW, CY, and WL. No significant difference (*P* \> 0.05) was observed between treatments. This finding might be explained by the presence of the shallow pool, which may have alleviated the high temperatures reached in the environment, exerting no influence on weight or CY.Table 3Mean hot carcass weight (HCW), cold carcass weight (CCW), carcass yield (CY), and weight loss due to cooling (WL)TreatmentTraitHCWCCWCYWLTreatment 185.0483.3873.581.95Treatment 285.2583.5573.542.0*P* value0.9130.9290.7230.723CV (%)5.05.00.2914.61Means in the same column followed by different letters differ significantly by the Tukey test (5 %)*Treatment 1* controlled environment, *treatment 2* uncontrolled environment, *CV* coefficient of variation

Table [4](#Tab4){ref-type="table"} shows the mean carcass length, backfat depth, loin eye area, backfat thickness measured at three sites in the carcass (BF1, BF2, and BF3), and average backfat thickness.Table 4Mean carcass length (CL), backfat depth (BD), loin eye area (LEA), backfat thickness (BF1, BF2 and BF3), and average backfat thickness (ABF)TreatmentTraitCLBDLEABF1BF2BF3ABFTreatment 195.9560.546.3041.0829.0725.4431.86Treatment 296.0059.743.0042.1431.2528.333.89*P* value0.9770.7822.59 NS0.6870.1080.2320.224CV (%)4.069.7310.2613.99.5119.2610.97*Treatment 1* controlled environment, *treatment 2* uncontrolled environment, *CV* coefficient of variation, *NS* not significant

No significant differences in the carcass traits studied (*P* \> 0.05) were observed between treatments. The animals of the present study did not differ in terms of weight gain or carcass traits. This finding might be due to the presence of a shallow pool for animals maintained at ambient temperature, which alleviated the effect of thermal stress and prevented the animals from spending production energy for thermal maintenance.

Discussion {#Sec4}
==========

The consequences of a reduction in feed intake, either due to a heat wave or poorly designed ventilation, are rapidly noted since reduced feed intake leads to a decrease in the intake of nutrients, thus affecting performance. However, worsening in the feed conversion rate may not be observed since there is a decrease in feed intake and in weight gain (Ferreira [@CR7]). Studies investigating the response of growing pigs kept at different temperatures concluded that heat stress causes behavioral disturbances and negatively affects performance (feed intake, weight gain, and feed conversion; (Kiefer et al. [@CR10])).

Moreira et al. ([@CR14]), evaluating the performance of pigs (33 to 84 kg) reared in pens with a compact floor and shallow pool, observed similar performance responses for the different treatments. In a study on the effects of ambient temperature on the performance of pigs weighing 30 to 60 kg, Manno et al. ([@CR13]) reported better feed conversion for animals reared in the high-temperature environment compared to those maintained in thermal comfort. However, the authors observed no difference in carcass yield or carcass weight between the different treatments in agreement with the results of the present study (Table [3](#Tab3){ref-type="table"}).

The results showed in Table [3](#Tab3){ref-type="table"} were similar to those reported by Collin et al. ([@CR4]) who, studying piglets weighing 24 to 30 kg, demonstrated better feed efficiency for animals exposed to a high temperature compared to those maintained in thermal comfort. According to these authors, pigs kept under heat stress are metabolically more efficient in synthetic processes, reducing protein turnover. The most likely reason for the turnover of body protein is the need for fine-tuning amino acid and protein metabolism (Buttery [@CR3]) in addition to guaranteeing homeothermy in mammals (Lobley [@CR12]).

The feed intake of animals reared at ambient temperature in the presence of a shallow pool was lower than that of animals reared in the controlled environment (*P* \< 0.05). The same was observed by Dourmand and Noblet ([@CR5]) who, studying the effect of ambient temperature on feed intake in pigs, observed a 17 % decrease in feed intake when the temperature increased from 20 to 28 °C. This fact can be explained by the mechanisms that regulate body temperature in homeothermic animals. Pigs consume less food at high ambient temperature and increase consumption when the temperature decreases. According to Quiniou et al. ([@CR16]) and Le Bellego et al. ([@CR11]), the reduction in feed intake observed in pigs submitted to high ambient temperatures is probably a defense mechanism of the organism to reduce heat production resulting from digestive and metabolic processes.

Tavares et al. ([@CR20]) evaluated the influence of ambient temperature on the performance of pigs and found that, under heat stress, the animals gained less weight, but carcass traits were not affected. Moreira et al. ([@CR14]), studying the performance of pigs (33 to 84 kg) reared in pens with a compact floor or shallow pool, observed no difference in backfat thickness between treatments in agreement with the present results (Table [4](#Tab4){ref-type="table"}).

The amplitude of the thermal environment inside the facilities can disturb the thermodynamic defense mechanism of animals, with repercussions on zootechnical indices (Ferreira [@CR7]). Pigs maintained in a controlled environment tend to express their maximum genetic potential; however, when the effective ambient temperature increases, the animals use behavioral, physical, and chemical mechanisms that can lead to redirection of the energy available for production, modifying the nutritional requirements of the animals (Orlando et al. [@CR15]).

Conclusions {#Sec5}
===========

The shallow pool provides a comfortable thermal environment similar to the controlled environment and favors animal performance. Under the present experimental conditions, the different environments did not affect the carcass traits of pigs.
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